Background: The number of patients with end-stage renal disease (ESRD) on peritoneal dialysis (PD) has increased by over 30% between 2007 and 2014. The Centers for Medicare and Medicaid has identified readmissions in ESRD patients to be a quality measure; however, there is a paucity of studies examining readmissions in PD patients.
Introduction
As of 2013, there were 661 648 prevalent patients with end-stage renal disease (ESRD), 6 .8% of whom were on peritoneal dialysis (PD) in the USA [1] . From 2007 to 2014, there has been over a 30% increase in prevalent patients on PD, likely driven by changes in reimbursement for dialysis care. While there have been improvements in the care of PD patients, admission rates remain high at approximately 1.6 per patient year in 2014, mainly for infection and cardiovascular causes [1] .
Beginning in 2017, Centers for Medicare and Medicaid Services (CMS) will begin to penalize dialysis units for excessive readmission rates as determined by the standardized readmission ratio (SRR). The SRR compares the number of readmissions with the number of expected readmission as determined by patient demographics and socioeconomic factors and discharge hospital characteristics [2] . However, little is known about causes of hospitalization and readmission rates in PD patients and thus the impact of these penalties on facilities treating PD patients cannot be estimated.
Using a nationally representative sample, all-payer database of hospitalizations and readmissions, we aimed to determine the top reasons for admission, and their associated readmission rates in ESRD patients on PD. We also aimed to identify significant predictors for readmissions.
Materials and methods

Study population
Patients were extracted from the National Readmissions Database (NRD) from the Healthcare Cost and Utilizations Project (HCUP) [3] . The database includes discharge data that accounts for 49.3% of hospitalizations in the noninstitutionalized US population and includes a weight variable that allows for national estimation. The year 2013 was selected as this was the most recent public release.
The NRD was queried using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) to identify admissions in patients with ESRD. We excluded admissions of patients younger than 18 years, on hemodialysis and with renal transplants. We also excluded admissions related to pregnancy and chemotherapy as these were likely planned admissions and with renal transplants. Admissions where the patient was readmitted the same day were considered a continuation of index admission, and therefore excluded. Lastly, we excluded admissions for patients who died during the index admission, those with missing discharge disposition, those that were planned readmissions as defined by the database and those whose index admissions were in December 2013 (since they lacked 30 days for accrual for readmissions). Please refer to Supplementary Table S1 for a list of codes to define variables. While both unweighted and weighted numbers are displayed in study flow diagram (Supplementary Figure S1) , only weighted numbers were used in analysis.
Definition of index admissions and readmissions
Index hospitalizations were defined as admissions without any hospitalizations in the preceding 30 days, while a readmission was defined as any admission within 30 days of a prior admission after excluding those that were flagged as elective. Therefore, while a patient could have multiple readmissions, our model was reflective of odds for first readmission. We performed our analysis on the admission level while considering that multiple readmissions may be correlated. Prior studies have compared modeling methods to adjust for correlations; however, they were not superior to results of modeling under the assumption that admissions per patient were independent [4] . Primary diagnosis of index admission and readmissions were grouped according to Clinical Classification Software (CCS) codes, which allowed for more clinically meaningful comparisons [5] . The CCS categories collapses all the ICD-9-CM codes into mutually exclusive groups; therefore, a readmission has only one primary CCS category. The top 10 CCS diagnoses were evaluated to determine cause-specific readmissions; however, comparisons between groups and multivariate analysis were done on all index hospitalizations.
Definition of covariates for risk adjustment
Patient demographics (age, gender, comorbidities and median household income category for patient's ZIP code) and index admission characteristics [hospital size, hospital type, private versus government control, primary payer, discharge disposition, length of stay (LOS) and cost] were included in our predictive model. Primary payer was divided into Medicare, Medicaid, private insurance, self-pay or no charge; discharge disposition was divided into routine or self-care, short-term hospital nursing facility, home health care, against medical advice and alive (unknown). We utilized the All Patient Refined -Diagnosis Related Group (APR-DRG) score to account for severity of illness and patient complexity [6] .
Patient comorbidities were identified using the NRD-defined comorbidity measures, and categorized using the CCS classification system, which groups ICD-9-CM codes into mutually exclusive categories [7] .
Statistical analysis
Descriptive statistics were utilized to compare patient, admission and hospital characteristics between index admission with and without readmissions. We used Student's t-test for normally distributed continuous variables, chi-square for categorical variables and Wilcoxon Rank-Sum test for nonnormally distributed continuous variables. Survey logistic regression was used to assess the relationship between potential predictors for readmissions and the odds of at least one 30-day unplanned readmission.
Population attributable fractions (PAFs) were calculated for significant comorbidities with increased adjusted odds ratio (aOR) of readmission. These were derived from both the aOR and comorbidity prevalence, while taking into account sampling weights, in order to provide a measure of comorbidity impact on readmission risk at the population level [8] .
All significant levels were two-sided, with a P < 0.05 considered to be statistically significant. Analyses were primarily done using SAS 9.2 (SAS Institute Inc.). PAFs were calculated using the 'survey' package in R version 3.2.2 (R Foundation for Statistical Computing, Vienna, Austria) and 95% confidence intervals (CIs) were calculated by bootstrapping [9, 10] . As our analysis was done on publically available, deidentified data, the study was considered to be institutional review board exempt and informed consent was not needed.
Results
Reasons for admission and rates of readmission
During the year 2013, there were 27 904 admissions in patients with ESRD on PD. Of these admissions, 4061 (14.6%) were followed by 30-day unplanned readmissions. Of the index admissions, the top 10 diagnoses for hospitalization were due to implant/PD catheter complications (23.22%), hypertension (5.47%), septicemia (5.18), diabetes mellitus (DM) (5.12%), complications of surgical procedures/medical care (3.50%), fluid and electrolyte disorders (4.29%), peritonitis (3.76%), congestive heart failure (CHF) (3.25%), pneumonia (2.90%) and acute myocardial infarction (AMI) (2.01%) (Figure 1 ).
Within the top 10 diagnoses for hospitalization, on average there were 16.4% 30-day unplanned readmissions. The index admissions reasons with the highest readmission rates were AMI (21.8%), complications of surgery procedure/medical care (19.6%) and DM (18.4%) ( Figure 2 ).
Baseline characteristics between admissions with and without readmissions
Hospitalizations with readmissions were more likely to be female (54.3% versus 47.6%, P < 0.001), more likely to have comorbidities such as CHF (20.2% versus 18.3%, P ¼ 0.005), chronic pulmonary disease (17.3% versus 14.9%, P < 0.001), depression (12.1% versus 9.8%, P < 0.001) or peripheral vascular disease (17.0% versus 13.2%, P < 0.001). Notable differences in index admissions characteristics between hospitalizations with and without readmission included more likely to be admitted through the emergency department (ED) (79.4% versus 74.5%, P < 0.001), non-elective admissions (91.3% versus 88.3%, P < 0.001), longer LOS (median 4.3 versus 3.8 days, P < 0.001), to have Medicare insurance (79.5% versus 74.2%, P < 0.001) and to be discharged with home health care (22.6% versus 17.4%, P < 0.001). Additionally, hospitalizations with readmissions were more likely to be admitted to large metropolitan hospitals (56.2% versus 51.9%, P < 0.0001) ( Table 1) .
Concordance between diagnosis of index admissions and readmissions
Among the top 10 reasons for index admission and readmission, only 22.6% of readmissions were for the same reason as index admission ( Figure 3 ). The highest concordance was seen in index admissions for implant/PD catheter complications (50.0%), while the lowest concordance was seen in index admissions for peritonitis (14.1%).
Predictors of readmission
Demographic variables associated with increased odds of readmission included age 35-49 years compared with 18-34 years (aOR 1.35; 95% CI 1.09-1.68; P ¼ 0.006) and female gender (aOR 1.27; 95% CI 1.12-1.44; P < 0.001). Comorbidities associated with increased odds of readmission included liver disease (aOR 1.39; 95% CI 1.07-1.81; P ¼ 0.01), peripheral vascular disease (aOR 1.33; 95% CI 1.14-1.56; P < 0.001) and depression (aOR 1.22; 95% CI 1.00-1.48; P ¼ 0.04). Index admission characteristics predictive of readmission included LOS 5 days (aOR 1.28; 95% CI 1.04-1.57; P ¼ 0.01 for 5-6 days and aOR 1.2; 95% CI 1.00-1.43; P ¼ 0.04 for 7 days), and discharge home with home health care (aOR 1.31, 95% CI 1.15-1.50; P < 0.001) ( Table 2 ).
The largest PAF was seen for peripheral vascular disease (aOR 3.7; 95% CI 1.6-5.7), followed by depression (aOR 1.9; 95% CI 0.1-3.7) and liver disease (aOR 1.04; 95% CI 0.2-2.0).
Discussion
In this analysis of a nationally representative cohort of PD patients, the readmission rate in patients with ESRD on PD in this cohort is higher than in the general population but considerably lower than in ESRD patients on HD (37%) [1] . The most common causes for admission were due to catheter complications, infection and cardiovascular complications, with the highest readmission rates seen in admissions for AMI, complications of surgical procedure/medical care and pneumonia. Several independent predictors of readmission were also identified, including female gender, age of 35-49 years, comorbidities of liver disease, peripheral vascular disease and depression, and discharge home with home health care. The readmission rate in PD patients we report in this cohort is similar to readmission rates reported by others, 19.8% in infection-related hospitalizations and 25% in children, and significantly lower than what is reported for HD patients (37%) [1, 11] . We suspect that the lower rate of admission and readmission in PD compared with HD is due to inherent differences in patients who chose PD as a modality. As PD is predominately done at home with only monthly visits to healthcare providers, patients who choose PD are likely more independent, healthier and have more social support. Furthermore, given that prior data demonstrate that PD patients are most likely to be admitted for infectious causes, it is reasonable that 3 of the top 10 diagnoses for admission were for infection-related hospitalizations: sepsis, peritonitis and pneumonia [1, 12] .
Among the top 10 reasons for index admission, over threequarters of readmissions were for a different CCS diagnosis. As the CCS groups are broad, mutually exclusive categories, those that are categorized as discordant are likely to be for truly different reasons. While dialysis units are going to be penalized for excessive hospital readmissions, this finding is suggestive that in a majority of cases readmissions may not be preventable and that the high readmission rate of this population is due to the complexity of care of the multi-morbid PD patient. However, further research with more granular data is needed to truly determine if this finding holds true.
A surprising finding was that there was no difference in age between the admissions with readmissions and those without readmission. Studies in other populations have found that generally those of the youngest age group had higher rates of readmission compared with other age groups [13, 14] . Additionally, a recent paper found that younger age was predictive of ED use in ESRD patients [15] . We did find that female gender and multiple comorbidities were higher in admissions with readmissions, and that these were also predictors for 30-day unplanned readmissions on multivariate analysis. Of note, while the prevalence of CHF was higher in patient with readmissions, CHF was not an independent predictor of readmission in our model. The latter is surprising as CHF readmission in the Medicare population is noted to be 21.9% and is a quality improvement measure that has been tracked by CMS for years [16] . We speculate that this 30-day readmissions in PD | 557 might be related to the better fluid management achieved with daily PD [17] . While nearly a quarter of hospitalizations with readmissions were originally discharged home with home health care, we found that discharge to home health care was associated with a 31% increase in odds for readmission. A potential explanation is that these patients had multiple complex comorbidities and/or insufficient social support to maintain care at home compared with those who were discharged routinely. Those patients who were discharged to nursing facilities had additional monitoring that likely impacted the odds of readmission. This may be particularly important in PD patients since this is a renal replacement modality that is done predominantly at home by the patient or patient caregivers. Unfortunately, we currently do not have sufficiently granular data to explore this finding further; however, our results are hypothesis-generating and may be of interest for future research.
Depression was also significantly more prevalent in hospitalizations with readmissions and was a significant predictor of readmission in our model. This highlights the psychosocial aspect of unplanned readmissions and that targeted interventions directed toward PD patients with depression may be of significant benefit. Prior studies demonstrate that depression as screened by a physician is associated with double the rate of death or hospitalization in HD patients; however, few studies have evaluated this association in PD patients [18] . Furthermore, depression is often underdiagnosed in the ESRD population, and even when diagnosed, less than a quarter of patients receive treatment [19] . In fact, even the CMS recognizes the importance of depression, as they are now mandating in outpatient dialysis units the screening and reporting of an action plan for patients who screen positive for depression as part of CMS Quality Improvement Project Measures from 2015.
Our findings suggest the need for effective interventions to screen and effectively treat depression in PD patients. While the new CMS screening requirement is a major step, improvement of access to mental health services also needs to occur. Several studies have found that collaborative care with mental health services improves both short-term and long-term outcomes, including a decrease in utilizations of health care services [20, 21] .
Our study has several limitations. First, as the NRD is an administrative database, the classification of diagnosis is done using diagnosis codes, and therefore we may have misclassified some admissions. However, the use of administrative data is widely accepted in tracking outcomes of ESRD patients [1] . Furthermore, we used the CCS schema to classify diagnosis into clinically meaningful categories, and thus the misclassification may not be clinically relevant. As the NRD is a deidentified database, it does not include important patient factors such as dialysis vintage, dialysis adequacy, laboratory results or race. However, as the NRD is a large, nationally representative database, we believe our results are broadly applicable to the US ESRD PD population, including patients who have private insurance.
In conclusion, this study identifies a high readmission rate in ESRD patients on PD and describes the top 10 reasons for admissions. Furthermore, we find that over three-quarters of readmissions were for different reasons than index admission. Lastly, we demonstrate that several patient-related factors are associated with increased odds of readmission. While CMS has taken steps to reduce readmissions by instituting penalties to dialysis units, effective targeted interventions are needed. Improved screening and treatment of depression may potentially be effective at reducing readmissions; however, further studies are necessary to determine the efficacy of such interventions.
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